The gastrointestinal inflammatory response may play a role in the susceptibility of preterm infants for infections. We previously reported a trend toward lower endogenous infection morbidity after enteral supplementation of neutral and acidic oligosaccharides ( SC GOS/ LC FOS/AOS). We hypothesize that enteral supplementation of prebiotics may decrease infectious morbidity by reducing intestinal inflammation. Therefore, we aimed to determine the effect of enteral supplementation of prebiotics on intestinal inflammation, as measured by fecal IL-8 (f-IL-8) and calprotectin (f-calprotectin), in preterm infants. In a randomized controlled trial, infants with a GA Ͻ32 wk and/or birth weight Ͻ1,500 g received enteral supplementation of prebiotics or placebo (maltodextrin) between d 3 and 30 of life. F-IL-8 and f-calprotectin was assessed at baseline, d 7, 14, and 30 of life. In total, 113 infants were included. Baseline patient and nutritional characteristics were not different in the SC GOS/ LC FOS/AOS (n ϭ 55) and the placebo group (n ϭ 58). Enteral supplementation of prebiotics had no effect on f-IL-8 and f-calprotectin. F-IL-8 and f-calprotectin were strongly correlated at all time points (p Ͻ 0.001). In conclusion, enteral supplementation of prebiotics ( SC GOS/ LC FOS/AOS) does not affect f-IL-8 and fcalprotectin levels in preterm infants. (Pediatr Res 69: 255-258, 2011) I mmaturity of the immune system and the gastrointestinal tract may play a pivotal role in the susceptibility of preterm infants for infections. The maturation of the immune system is influenced by bacterial antigens of the intestinal microbiota (1). This interaction leads to metabolic and immunologic reactions by the epithelial cells and the underlying lymphoid cells and is called the bacterial-epithelial "cross talk" (2). The bacterialepithelial "cross talk" between the intestinal microbiota and immune system may cause an inflammatory response, which may further increase the susceptibility of preterm infants for serious infections and necrotizing enterocolitis (NEC) (3).
I mmaturity of the immune system and the gastrointestinal tract may play a pivotal role in the susceptibility of preterm infants for infections. The maturation of the immune system is influenced by bacterial antigens of the intestinal microbiota (1) . This interaction leads to metabolic and immunologic reactions by the epithelial cells and the underlying lymphoid cells and is called the bacterial-epithelial "cross talk" (2) . The bacterialepithelial "cross talk" between the intestinal microbiota and immune system may cause an inflammatory response, which may further increase the susceptibility of preterm infants for serious infections and necrotizing enterocolitis (NEC) (3) .
Invasive measurement of the inflammatory response of the gastrointestinal tract is difficult in preterm infants. However, noninvasive markers measuring inflammation of the gastrointestinal tract have been investigated. IL-8 is a proinflammatory cytokine produced by myelomonocytic cells that attracts and activates neutrophils and monocytes (4) . In children with inflammatory bowel disease, IL-8 from organ-cultured lamina propria biopsies is related to inflammatory activity (5) . Furthermore, in an in vitro study, Nanthakumar et al. (6) showed an enhanced IL-8 response of immature human enterocytes compared with mature enterocytes of older children. IL-8 precedes calprotectin in the inflammatory cascade. Calprotectin, released from neutrophils and monocytes, has several biological functions including fungicidal, antibacterial, and antiproliferative effects (7, 8) . Both IL-8 and calprotectin can be measured in the feces. Fecal calprotectin (f-calprotectin) is increased in preterm infants compared with term infants and is increased during intestinal inflammation, especially in infants with NEC (9 -13).
Feeding with breast milk affects the intestinal colonization, bacterial-epithelial "cross talk," and as a consequence, the intestinal inflammatory response, partially through the action of its oligosaccharides (14, 15) . More than 200 human milk oligosaccharides have been identified with significant variability between individuals over time (16) . Until now, controversial results have been reported on the effect of type of feeding on the level of f-calprotectin in preterm (17) and term infants (13,18 -20) .
In a previous study, we found that a prebiotic mixture of neutral ( SC GOS/ LC FOS) and acidic (AOS) oligosaccharides did not significantly decrease serious infectious morbidity in preterm infants. However, if SC GOS/ LC FOS/AOS was given in sufficient amounts (per-protocol analysis), there was a significant decrease of serious endogenous infections in preterm infants (21) . We hypothesize that prebiotics may prevent adherence of bacteria to the intestinal mucosa, thereby reducing the inflammatory response. This reduction in the inflammatory response, reflected by fecal IL-8 (f-IL-8) and fcalprotectin, may play a role in the previously found lower endogenous infection morbidity in preterm infants. The aims of this study were to determine the effect of enteral supplementation of prebiotics, SC GOS/ LC FOS/AOS, on f-IL-8 and f-calprotectin in preterm infants and to determine host-and treatment-related factors associated with f-IL-8 and f-calprotectin in these preterm infants.
METHODS

Subjects.
Infants with GA Ͻ32 wk and/or birth weight (BW) Ͻ1,500 g, admitted to the NICU of the VU University Medical Center, Amsterdam, were eligible for participation in the study. Exclusion criteria were infants with a GA Ͼ34 wk, major congenital or chromosomal anomalies, imminent death, and transfer to another hospital within 48 h after birth. The study protocol was approved by the medical ethical review board of the VU University Medical Center, Amsterdam, The Netherlands. Written informed consent was obtained from all parents.
Randomization, blinding, and treatment. After assignment to 1 of 3 BW groups (Յ799 g, 800 -1,199 g, Ն1,200 g), the infants were randomly allocated to treatment within 48 h after birth to receive either enteral prebiotics, 72% SC GOS/8% LC FOS and 20% AOS, or placebo powder (maltodextrin). An independent researcher used a computer-generated randomization table (provided by Danone Research, Friedrichsdorf, Germany) to assign infants to treatment with prebiotics or placebo. Investigators, parents, and medical and nursing staff were unaware of treatment allocation. The randomization code was broken after data analysis was performed. The prebiotics and the placebo powder (maltodextrin) were prepared and packed sterile under N 2 environment in sachets (Danone Research). The two powders were indistinguishable by appearance, color, and smell. During the study period, prebiotics and placebo powder were monitored for stability and microbiological contamination. Supplementation with prebiotics or placebo was administered in increasing doses between d 3 and 30 of life to a maximum of 1.5 g/kg ⅐ d to breast milk or preterm formula. Two members of the nursing staff added the daily supplementation to breast milk or to preterm formula (Nenatal Start; Danone Research) according to the parents' choice. Per 100 mL, the preterm formula provided 80 kcal, 2.4 g protein (casein-whey protein ratio 40:60), 4.4 g fat, and 7.8 g carbohydrate. The preterm formula did not contain oligosaccharides.
Analysis of fecal calprotectin and fecal IL-8. For measurement of f-IL-8 and f-calprotectin, fecal samples were taken from the diaper with a sterile plastic spoon within 48 h after birth (t ϭ 0), postnatal d 7 (t ϭ 1), 14 (t ϭ 2), and 30 (t ϭ 3). Samples were stored in a sterile screw cap tube at 2-8°C for a maximum of 7 d. Samples were extracted and diluted 1:50 with incubation buffer (in accordance with the manufacturer's instructions). The homogenate was micro centrifuged for 5 min at 10,000 ϫ g, and the supernatant was stored at Ϫ20°C until analysis. IL-8 levels were measured by random-access chemiluminescence immunoassay using the Immulite 4000 4PL (Siemens Medical Solutions Diagnostics, Breda, The Netherlands). The random-access chemiluminescence immunoassay for measuring f-IL-8 has an intra-assay variation of 3% and an interassay variation of 13.6%. IL-8 levels are expressed as picograms per milliliter feces.
Calprotectin levels were measured by ELISA using the Calprotectin-MPR8/14 kit (Buhlmann, Basel, Switzerland). Calprotectin levels are expressed in micrograms per gram feces. The ELISA for measuring f-calprotectin has an intra-assay variation of 4.7% and an interassay variation of 4.1%.
Clinical and nutritional characteristics of the infants were assessed, including exclusive breast milk feeding, achievement of full enteral feeding (Ͼ120 mL/kg/d), presence of a serious endogenous infection defined as sepsis, meningitis, pyelonephritis, pneumonia, or arthritis by a combination of clinical signs and a positive culture with bacteria other than Coagulase Negative Staphylococci (21, 22) , and NEC (23) .
Nutritional support. Protocol guidelines for the introduction of parenteral and enteral nutrition followed current practice at our NICU. Nutritional support was administered as previously described (21, 22) . For each infant in the study, a feeding schedule was proposed based on BW and our guidelines. However, the ultimate responsibility for the administration of parenteral nutrition and advancement of enteral nutrition rested with the medical staff of our NICU or the responsible doctors in the regional hospitals. After discharge, all infants received breast milk or preterm formula (Nenatal Start ® without oligosaccharides) and a postdischarge formula (Nenatal 1 without oligosaccharides) until the corrected age of 6 mo.
Statistical analysis. The sample size of 113 infants was based on the sample size calculation for the primary outcome of the main trial (serious infectious morbidity) (21) . Normally distributed and nonparametric data are presented as means Ϯ SD and medians (ranges). Patient and nutritional characteristics were compared between groups with t test, Mann-Whitney U test, 2 test, or Fisher's exact test for continuous normally distributed, nonparametric continuous, and dichotomous data, respectively. In the primary analysis, generalized estimating equations (GEE) were used to compare changes in f-IL-8 and f-calprotectin over time between the groups. This method takes into account the dependency of the observations within a patient and the fact that samples may not be available at each time point (24) . In the crude GEE analysis, the first follow-up measurement was adjusted for the baseline value. For the remaining follow-up measurements, no adjustment was made (25) . In additional GEE analyses, adjustments were made for chorioamnionitis, GA, BW, mode of delivery, Apgar score at 5 min Ͻ6, exclusively breast milk fed, stay at a NICU or a general hospital ward, serious endogenous infection, postnatal antibiotic treatment (within 48 h preceding the sample), and NEC.
GEE analyses were also used to analyze the effect of perinatal factors on the development of f-IL-8 and f-calprotectin over time. A Pearson correlation analysis was performed to analyze the correlation between f-IL-8 and f-calprotectin. When the outcome variable was not normally distributed, a natural logarithm transformation was performed. All statistical analyses were performed on an intention to treat basis. A two-tailed p value of Ͻ0.05 was considered significant, and SPSS 17.0 (SPSS Inc, Chicago, IL, USA) was used for data analysis. ) . After randomization, one infant in the placebo group was excluded, because of strong suspicion of a syndrome. Baseline patient and nutritional characteristics were not different in the SC GOS/ LC FOS/ AOS group (n ϭ 55) and placebo group (n ϭ 58). Fecal samples for calprotectin and IL-8 were collected at 43.1 Ϯ 26.6 h (t ϭ 0) after birth, at postnatal d 7.5 Ϯ 1.0 (t ϭ 1), 14.2 Ϯ 0.9 (t ϭ 2), and 30.0 Ϯ 0.7 (t ϭ 3). In total, 9% of the fecal samples were missing, mainly due to death, exclusion before the end of the study period, or no fecal sample available at that time point. F-IL-8 and f-calprotectin were correlated at all timepoints (r 2 ϭ 0.07; p Ͻ 0.001). Analysis by GEE showed no effect of enteral supplementation of prebiotics on f-IL-8 and f-calprotectin (Fig. 1) . In additional analyses, we found that adjustment for chorioamnionitis, GA, BW, mode of delivery, Apgar score at 5 min Ͻ6, exclusively breast milk fed, stay at a NICU or a general hospital ward, serious endogenous infection and postnatal antibiotic treatment, and NEC did not change the primary results of the study (data not shown). As the results in the prebiotics group and the placebo group were not different, data of both groups were combined to analyze factors that may affect f-IL-8 and f-calprotectin. In total, 16 infants developed NEC, at a mean postnatal age of 28.8 (Ϯ16.0) d. Infants who developed NEC had significantly increased levels of both f-IL-8 and f-Calprotectin compared with infants without NEC. Exclusive breast milk feeding during the study period coincides with an increase in f-IL-8 and f-calprotectin levels. Lower GA and lower BW increased f-IL-8 levels. Endogenous infections increased only f-IL-8 levels (Table 1) .
RESULTS
Between May
2007 and November 2008, 113 of 208 eligible preterm infants entered the study. Reasons for not participating in the study were no informed consent (n ϭ 45), participation in another trial (n ϭ 7), transfer to a regional hospital within 48 h (n ϭ 12), death within 48 h (n ϭ 5), and severe congenital malformations (n ϭ 12
DISCUSSION
In this study, enteral supplementation of SC GOS/ LC FOS/ AOS between d 3 and 30 of life does not affect the postnatal developmental pattern of f-IL-8 and f-calprotectin. Therefore, the positive effect of enteral supplementation of SC GOS/ LC FOS/AOS on serious infectious morbidity is not directly associated with f-IL-8 and f-calprotectin. In healthy term infants, Campeotto et al. (13) did not find an effect of prebiotics on f-calprotectin either.
During the study period, we found higher levels of f-calprotectin in preterm infants compared with the levels found in healthy children and adults (26) . This is in line with other studies (10, 11, 13) . Jaarsma et al. (27) found an increased systemic inflammatory response in preterm infants directly after birth, and we hypothesize that the developing gastrointestinal tract is involved in this process. Furthermore, increased levels of f-IL-8 and f-calprotectin reflect the increase of neutrophils and monocytes in the intestinal lumen and could partly be explained by increased intestinal permeability in preterm infants (28) .
Increased levels of f-IL-8 and f-calprotectin may also reflect the developing immune system. Acidic oligosaccharides may directly affect the immune cells via interaction of selectins, dendritic cell specific C-type lectin, integrins, and other target receptors as Toll-like receptors (15) . Therefore, we hypothesize that increased levels of f-IL-8 and f-calprotectin in the first period of life may be a reflection of a physiological maturation of the immune system and may not necessarily be harmful. Breast milk feeding may stimulate this maturation process of the immune system. We found increased levels of f-IL-8 and f-calprotectin in preterm infants who were fed exclusively on breast milk. For f-calprotectin, our results are in line with a recent study done by Savino et al. (19) , who found higher levels of calprotectin in breastfed term infants compared with formula-fed term infants. The intestinal microbiota may play a role in this process (2) . In infants with colic's, Rhoads et al. (29) found altered intestinal microbiota and increased calprotectin levels. The intestinal microbiota may stimulate transepithelial migration of granulocytes through chemotactic agents (30) . Antibiotics delay the intestinal colonization in preterm infants (31) . We hypothesize that delayed intestinal bacterial colonization, especially with "health promoting" bacteria, such as Bifidobacteria and (excessive) use of broad spectrum antibiotics contribute to sustained higher levels of f-IL-8 and f-calprotectin in preterm infants. In the immature gastrointestinal tract of these preterm infants, f-calprotectin may protect against inflammation through its antimicrobial and antifungal effects (8) . Furthermore, both f-IL-8 and f-calprotectin may participate in the regulation of the intestinal bacterial colonization of the immature gut and may inhibit potential pathogenic bacterial growth.
Factors influencing f-IL-8 and f-calprotectin are not yet fully understood. In this study, levels of f-IL-8 were higher in infants with an endogenous infection than in infants without infection. Both f-IL-8 and f-calprotectin levels were higher in infants with NEC compared with either infants without NEC or infants with an endogenous infection. However, the levels of f-IL-8 and f-calprotectin were more increased in preterm infants with NEC than in infants with an endogenous infection. Therefore, we hypothesize that f-IL-8 and f-calprotectin may be used as noninvasive clinical markers for screening and follow-up of serious neonatal gastrointestinal disease. This hypothesis is supported by the findings of Yang et al. (17) , who reported that f-calprotectin in VLBW infants was higher (Ͼ350 g/g) during major gastrointestinal manifestations (e.g. blood in stools, bowel perforation, distended abdomen with hypotension, and upper gastrointestinal contrast study) compared with minor infection or stress (e.g. urinary tract infection, feeding intolerance, and postpatent ductus arteriosus ligation). Larger studies of these markers are necessary to confirm clinical utility. The effect of GA, BW, and exclusive breast milk Figure 1 . Effect of prebiotic mixture on f-IL-8 and f-calprotectin in preterm infants. Enteral supplementation of the prebiotic mixture consisting of neutral and acidic oligosaccharides had no effect on f-IL-8 and f-calprotectin as analyzed by GEE. Fecal samples were available for analysis of f-IL-8 and f-calprotectin at t ϭ 0 (n ϭ 102 for both), t ϭ 1 (n ϭ 104 and n ϭ 103, respectively), t ϭ 2 (n ϭ 105 for both), and t ϭ 3 (n ϭ 98 and n ϭ 100, respectively). Prebiotic mixture, f; placebo, Ⅺ. Bars indicate box plots with median and range. feeding on f-IL-8 and the effect of exclusive breast milk feeding on f-calprotectin may limit the usefulness of these markers of intestinal inflammation in this population. Nevertheless, serial measurements of f-IL-8 and f-calprotectin may be useful as a marker of the development of NEC. However, careful interpretation of the levels of f-IL-8 and f-calprotectin in the context of the clinical setting is warranted.
Some remarks may be formulated with regard to the methodology of our study. First, this is the first study measuring IL-8 in the feces of preterm infants and no comparison can be made with the literature. We found a correlation between f-IL-8 and f-calprotectin and, therefore, assumed that f-IL-8 may be a reliable marker for measuring intestinal inflammation. However, more studies are needed to determine the exact role of f-IL-8 in relation to intestinal inflammation. Second, the feces was collected from the diaper instead of direct collection, which may have increased the concentrations of f-calprotectin and f-IL-8 by absorption of water by the diaper. Olafsdottir et al. (32) showed that collection of feces from diapers increase f-calprotectin concentrations with 30% compared with directly collected feces. Although this effect may also apply to this study, all fecal samples have been collected in the same way and this will not influence the results of our study. Third, breast milk itself contains neutral and acidic oligosaccharides. Therefore, the effect of enteral supplementation of prebiotics may be less pronounced in preterm infants who received breast milk exclusively. However, adjusting the analysis for type of feeding did not change the results of the crude analysis. As breast milk is strongly promoted at our NICU, most infants received breast milk (Ͼ60%), and relatively few received exclusive formula feeding (20%). Fourth, although this particular formulation of prebiotic oligosaccharides did not affect the levels of f-IL-8 and f-calprotectin, this does not preclude the possibility that other formulation may do so.
To conclude, we found that enteral supplementation of a prebiotic mixture consisting of neutral and acidic oligosaccharides does not affect f-IL-8 and f-calprotectin levels in preterm infants. In a previous study, we found that if SC GOS/ LC FOS/ AOS was given in sufficient amounts (per-protocol analysis), there was a trend toward a lower incidence of serious endogenous infections in preterm infants. This decrease of serious endogenous infections is not directly related to a lower intestinal inflammatory response as measured by f-IL-8 and f-calprotectin. However, the intestinal inflammatory response may still play a role in the susceptibility to (endogenous) infections. Furthermore, other factors, such as increased intestinal colonization with a "bifidogenic" microbiota, may play a role in the beneficial effect of neutral and acidic ligosaccharides in preterm infants.
